Background: Cancer is currently one of the main public health problems all over the world and its economic burden is substantial both for health systems and for society as a whole.To inform priorities for cancer control, we here estimated years of potential life lost (YPLL) and productivity losses due to cancer-related premature 
Introduction
Cancer is currently one of the main leading cause of death in both developed and developing countries (Jemal et al., 2011) . Based on GLOBCAN databases, an estimated 14.1 million new cancer cases and about 8.2 million deaths due to cancer occurred in 2012 worldwide which 53 % of them accounts for developing countries (Torre, Bray et al., 2015) . In Iran, cancer is one of the main public health problem for policy-makers and planner in health sector. An about 53,350 deaths caused by cancer 53,350 occurred in 2012 and is expected to will reach to 58,087 deaths in 2015. In addition, cancer is the third leading cause of deaths after coronary heart disease and road traffic injuries (Naghavi et al., 2009 , Kambiz et al., 2011 .
Cancer incidence will continue to rise because of the growth in life expectancy, increase in the proportion of the elderly population and size of population over the Behzad Karami-Matin 1 , Farid Najafi 1 , Satar Rezaei 1 , Ardashir Khosravi 2,3 , Moslem Soofi 1 * world (Jemal et al., 2011) . In recent years, deaths due to cancer has decreased in developed countries as a result of improvement in preventive and therapeutic interventions, whereas in developing countries such as Iran, it has significantly risen (Jemal et al., 2010 , Khorasani et al., 2014 . Then, it is necessary to conduct the preventive and therapeutic interventions in order to reduce the burden of cancer in developing countries like Iran. Due to limitation of health resources, it is necessary for health policy-makers to prioritize the cancer control interventions (Kim et al., 2013) . One of the main ways in this issue is the estimating economic burden of cancer, including healthcare expenditures and cost of lost productivity due to mortality and morbidity. Based on previous studies, the cost of cancer-related premature mortality accounts for 70 to 85 % of the total cost (Insinga 2006, Jonsson and Wilking, 2007; Bradley et al., 2008 , Ortiz et al., 2010 Hanly and Sharp, 2014) . Majority of conducted previous studies in Iran estimate the direct cost of cancer (Akbarzadehbaghban et al., 2009 , Bazyar et al., 2012 . Previous studies have estimated the total cost of breast cancer (Daroudi et al., 2015) and the total cost of cancer deaths attributable to smoking (Rezaei et al., 2015) .
To the best of our knowledge, no study quantify the costs of cancer-related premature mortality in Iran at the national level for more than one year. The current study aimed to estimate the economic burden of cancer-related premature mortality in Iran over the five years from 2006 to 2010.
Materials and Methods
Data on deaths caused by top 10 cancers by sex and age groups (under one, 1-4, 5-9, 10-14, 15-19, 20-24, 24-29, 30-34, 35-39, 40-44, 45-49, 50-59. 60-64, 65-69, 70-74, 75-79, 80-84 and 85+) for 29 provinces (data for Tehran province for the studied period is not available) were retrieved from the Ministry of Health and Medical Education (MoHME) over the five years from 2006 to 2010.To estimate the average life expectancy for each age group, Iran life table from the World Health Organization was used. Data on age-and sex-specific wages for the studied period came from the Iranian Ministry of Cooperation Labor and Social Welfare. Also, the data on age and sex-specific employment and housekeeping rate for the studied period were obtained from the Iranian Statistical Center (ISC). Because of there weren't any data about wages for the housekeeping activity in Iran, the minimum daily wage approved by the Iranian Ministry of Cooperation, Labor and Social Welfare was used for the females housekeeping activities.
To estimate the quantify burden of cancers and its impact on society, two measures including years of potential life lost (YPLL) and cost of productivity loss (CPL) were used. The YPLL was calculated by the life expectancy methods. We assumed that all of deaths in each age group occurred in the mid-point of that age group. So, to calculate of YPLL, the number of deaths in each group was multiplied by the average of remaining life expectancy. Based on previous studies, to estimate the CPL, the human capital approach was used (Insinga 2006 , Bradley et al., 2008 Hanly and Sharp, 2014) . The CPL was estimated as follow: first, the YPLL according to the previous section was estimated, only in terms of CPL, we disregarded any deaths beyond 65 years and less than 15 years. Then, the estimated YPLL was multiplied by age and sex-specific annual wages from age of deaths until the retirement age. The estimated CPL was adjusted based on the employment and housekeeping rate. In addition, to obtain the present value the future costs were discounted at 3 % per year. CPL for each death were summed across age groups by sex and cancer site (Khorasani et al., 2014; Rezaei et al., 2015) .
Results
During 2006-2010, there were 138,228 cancer-related deaths in Iran (without Tehran province) which 76 % of them (106,954) were attributable to the top 10 ranked cancers. 63 % of total cancer-related deaths were in male. The main causes of cancer-related deathsweregastric,lung and prostate in the males, whereas they were gastric, breast and lung in the females. For the whole of period studied, gastric cancer was the most common cause of death in males, females and both sexes combined.The total number of deaths caused by cancer increased by 10 % in males and by 22% in females (Table 1) . There were 42,351deaths between 15 and 64 (working-age range), related to the top 10 ranked cancersduring the period analysed and 56% of DOI:http://dx.doi.org/10.7314/APJCP.2016.17.4 Iran: 2006 Iran: -2010 them were in males.
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The number of YPLL due to the top 10 ranked cancer-related deaths by sex from 2006 to 2010 in Iranis presented in Table 2 . Thesetop 10 ranked cancers resulted in 106,766,942 YPLL in total 64,171,529 (60%) in the males and 42,595,412 (40%) in the females. In the period analysed, the highest number of the YPLL was related to gastric cancer, followed by lung, Esophageal, liver and prostate for males, and the highest number of the YPLL for females was gastric cancer, followed by breast, lung, liver and esophagus.from 2006 to 2010, the overall number of YPLLincreased by 8%for males and by 13 % for females. (Table 2)  Table 3 shows the YPPLL bysex and type of cancer for the period analyzed.The estimated YPPLL due to top 10 ranked cancers was 58,581,737 from 2006 to 2010 which 32,214,524 (54%) of them were in male. From 2006 to 2010, the total number of YPPLL increased by 9% for males and by 15% for females.Among males, the highest number for YPPLL was gastric cancer, followed by lung and liver. For females, the highest number for PYPLL was breast cancer, followed by gastric cancer and lung. (Table 3) The total cost of productivity loss caused by premature deaths because of top 10 cancers was 1.68 billion dollars (US$) from 2006 to 2010, ranging from 251 million dollars in 2006 to 283 million dollars in 2010. From 2006 to 2010, the CPL increased by 10 % in males and by 18% for females. Among males, the main contributors of total cost of lost productivity were colon, gastric, Leukaemias of unspecified cell type, long and brain, respectively. For females the highest CPL was due to breast cancer followed by Leukaemias of unspecified cell type, brain, gastric and lung cancer. The percentage of the total costs due to productivity losses for 10 main cancers was 81.2 % in males and 18.8% in female (Table 4) .
For the whole studied period, the average premature mortality cost per death for both sexes combined was US $ 420,842. It was $ 331,733 for males and $ 88,748 for females. In this period, the most costly cause per death in males was colon cancer ($1,113,825 per death) followed by Leukaemias of unspecified ($454,183), and brain ($ 363,622). Prostate cancer was the least costly cancer per death in male ($142,361). Among females, the most costly cancer was leukaemias of unspecified cell type ($166,563) followed by brain ($121,016) and breast cancer ($98,335). The least costly cancer in females was esophageal cancer ($ 49,652). Table 5 also shows the average premature mortality cost per YPPLL by sex from 2007 to 2010. The average cost per YPPLL in the studied period for both sexes combined was $152.9. It was $244.2 for males and $ 61.6 for females. Among males, in term of cost per YPPLL, like cost per death, cancer of colon and prostate cancer were most costly and least costly cancer, respectively in case of females the most costly cancer per YPPLL was Leukaemias of unspecified cell type and the least costly cancer was esophageal cancer. 
Discussion
The aim of this study was to measure economic burden of premature mortalities due to cancer-related deaths in Iran between 2006 and 2010. We usednumber of mortality, YPLL, YPPLL and cost of productivity losses to quantify the burden of premature mortality caused by cancers. Based on previous studies human capital approach was used to estimate cost of productivity losses. [5, 13, 15, [18] [19] [20] .
There were 138 228 cancer-related deaths in Iran from 2006 to 2010, 76 % of them were attributable to top 10 ranked cancer.The total number of deaths caused by cancer increased by 16% for both sexes combined over the period. A study conducted by frouzanfar et al. to evaluate causes of death and morbidity in Iran, showed that more than 57% of deaths in 2010 were caused by cardiovascular diseases and cancers and the cancer was the second most frequent cause of death (Forouzanfar MH, Sepanlou SG et al., 2014) . Another study by naghavi et al. that assessed the burden of diseases in Iran showed that stomach cancer was one of top ten ranked cause of mortalityies (Naghavi et al., 2009) . At global level, a study for the global burden of disease by Lozano et al. showed that 8 million deaths occurred because of cancer in 2010 which 19% of them were from trachea, bronchus and lung cancer. Their report indicated that lung cancer was one of leading cause of death at global level (Rafael et al., 2013) .
In the present study the main contributors to YPLL in males, were gastric and lung cancer, while they were gastric and breast cancer in females. Similarly, in a previuos studiyin Iran stomach cancer was the second highest burden by YPLL. In addition, it showed that most important cancers in Iran are gastric cancer , lung cancer , and breast cancer (Forouzanfar et al., 2014) . According to another study in Iran among males and in the both sexes DOI:http://dx.doi.org/10.7314/APJCP.2016.17.4 Iran: 2006 Iran: -2010 combined, gastric cancer had the highest number of YPLL. (Khorasani et al., 2014) Our Findings showed that durig 2006-2010 the total number of YPLL by all cancer site and sex increased except esophageal cancer and Leukaemias of unspecified cell type in males that decreased over period. Over the studied period the total number of YPLL for both sexes combined icreased by 10%.
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Our findings showed that the total productivity costs from premature mortality caused by top 10 cancer were about US$ 1.68 billion between 2006 and 2010. And averege productivity cost per year was about US$ 337 million for both sexes combined. This study indicated higher total cost of premature mortality in males ($1,37 billion vs. $316 million) during 2006-2010. Higher mortalitiy, employment and wage rate for males are the reasons of this difference. Similarly, The finding of previous study in Iran showed that the total cost of premature cancer-related mortality for males was 67 % higher than females (Khorasani et al., 2014) . furthurmore, in Ireland and the US it was 90 % and 80 % times higher in the males, respectively (Bradley et al., 2008; Hanly and Sharp, 2014) . In this study, among males gastric cancer was the most costly cancer in terms of total cost and among females most costly cancer was breast cancer. This finding is in line with that of khosravni et al. previous Iranian studies showed that incidence and mortality of breast cancer are increasing considerably (Taghavi et al., 2012 , Rashidian et al., 2013 . Based on findings of these reports combined with our results, these cancers are two main areas that should be concidered in cancer prevention programs and priority setting. An important finding from the study isthat the ranking of cancers by type of mesures was different, for instance, in females, Leukaemias of unspecified cell type ranked 6th in terms of YPLL and 1st in terms of CPL and CPL per YPPLL. In contrast, breast cancer ranked 1st in terms of CPL and 3 rd in terms of cost per death and cost per YPPLL. These changes depend on age of death for each cancer and survival rate of that. When a cause or disease with low survival rate results in death in earlier age, generally received higher rank of YPLL per death and cost per death (Bradley et al., 2008; Hanly and Sharp, 2014, Khorasani et al., 2014) . It implies that prevention policies to reduce cancer-related death can decrease the higher cost and YPLL per death at younger ages.
This study has some limitation, therefore interpreting of results should be based on this limitation. The first is that our analysis was based on data on 29 provinces of Iran, there is no data on Tehran province in this study. It implies that major percentage of deaths did not enter to study. A second limitation is lack of representative data on death and diseases at national level in Iran. And there is remarkable understimation in data on mortality in Iran (Forouzanfar et al., 2014) . Third limitation is that this study estimated productivity losses due to premature mortality and other productivity losses because of morbidity that include absenteeism from work, early retirement and reduction in employment did not considere. (Ortiz et al., 2010; Menzin 2012; Doran 2015; Song 2015) In conclusion, this study shows that premature mortality attributable to cancer has considerable productivity costs. It was about $1. 68 billion, during 2006-2010 in Iran. In this period the overall cost of productivity losses for the males was 4.3 times higher than the females. Our results also show that gastric cancer (in males) and breast cancer (in females) were the most costly cancers in term of total cost.This finding provide a good picture of economic impact of cancer on society to health system policy/decision makers. It can help them to plan preventive intervention and effective resource allocation.
